BRAKING FORCE CONTROL SYSTEM FOR VEHICLE 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

5 The present invention relates to a braking force control 

system of a vehicle which adequately distributes the. braking 
force in braking. 

2 . Description of the Related Art 

In recent years, there have been proposed various braking 

10 control systems which make use of constitutions of anti-lock 
braking systems (ABS) and control distribution of braking force 
in normal braking to be more adequate one. 

For example, in JP-A-10-119744, there is disclosed one 
which independently increases, decreases or holds braking oil 

15 pressure of each of right and left rear wheels when deceleration 
of a vehicle reaches a specified value and when a vehicle speed 
exceeds a specified speed, so that braking force distribution 
between rear and front wheels becomes an approximately ideal 
one to perform independent braking control for carrying out 

20 sufficient braking. 

Incidentally, in the ABS control and the braking force 
distribution control as described above which provide an 
independent braking for the rear wheel side, because of not 
so large transfer of a vertical load between the right side 

25 and left side wheels in a normal turning of the vehicle, an 
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attitude of the vehicle does not change largely in rolling even 
when the brake is operated, so that the braking can be performed 
with a normal feeling of the rolling. However, in a high lateral 
acceleration turn on a high friction road, when the ABS control 
5 and braking force distribution control of the rear wheels are 
independently carried out, because of a large difference between 
the right and left vertical loads , there is a fear that unpleasant 
rolling behavior of the vehicle body is occurred due to change 
in breaking force of the turning outside rear wheel caused by 
10 each of the braking controls. 



SUMMARY OF THE INVENTION 
The present invention was made in view of the above with 
an ob j ect of providing a braking force control systemof a vehicle 

15 which can carry out natural, reliable and stable braking without 
any particular addition of complicated mechanisms by preventing 
the occurrence of unpleasant rolling behavior. When a vehicle 
turns with a high lateral acceleration, the braking of each 
of the right and left rear wheels is independently controlled. 

20 In order to achieve the above object, according to a first 

aspect of the present invention, there is provided a braking 
force control systemof a vehicle, having: a lateral acceleration 
detecting unit detecting lateral acceleration of the vehicle; 
and a braking control unit carrying out an anti-lock braking 

25 control and carrying out an independent braking control of right 
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and left rear wheels, wherein, in a case that the lateral 
acceleration exceeds a lateral acceleration value set 
beforehand, when the anti-lock braking control is operated at 
one of the right and left rear wheels, the braking control unit 
5 executes a stepwise pressure increase control for providing 
a stepwise pressure increase for the other rear wheel up to 
a braking pressure to be reached at a start of the control. 

Namely, in the above-described braking force control 
systemof a vehicle according to the first aspect of the invention, 

10 the lateral acceleration detecting unit detects lateral 
acceleration of the vehicle. Moreover, the braking control 
unit executes, when the lateral acceleration exceeds a lateral 
acceleration value set beforehand, stepwise pressure increase 
control which provides, when the anti-lock braking control is 

15 operated at one of the right and left rear wheels, a stepwise 
pressure increase for the other rear wheel up to a braking 
pressure to be reached at a start of the control. Therefore, 
at a high lateral acceleration turning, at a turning outside 
rear wheel for which operation of an anti-lock braking control 

20 is slowed due to an increase in a vertical load, a stepwise 
pressure increase control is started from the time of operation 
of the anti-lock braking control at a turning inside rear wheel . 
Thus, even the anti-lock braking control is operated at the 
turning outside rear wheel, no sudden strong braking is applied 

25 and unpleasant rolling behavior is prevented from occurrence 
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to allow a natural, reliable, and stable braking to be performed. 
In addition, this can be applied by changing control of normal 
anti-lock braking control, so that the realization thereof is 
allowed without any particular addition of complicated 
5 mechanism. 

Further, according to a second aspect of the present 
invention, there is provided a braking force control system 
of a vehicle, having: a lateral acceleration detecting unit 
detecting a lateral acceleration of the vehicle; and a braking 

10 control unit carrying out an anti-lock braking control and 
carrying out an independent braking control of right and left 
rear wheels, wherein the braking control unit executes a braking 
force distribution control between front and rear wheels as 
specified when the lateral acceleration exceeds a lateral 

15 acceleration value set beforehand, and when the anti-lock 
braking control is operated at one of the right and left rear 
wheels, the braking control unit stops the front and rear braking 
force distribution control of the other rear wheel and executes 
a stepwise pressure increase control thereof for providing a 

20 stepwise pressure increase up to a braking pressure to be reached 
at a start of the control. 



' system of a vehicle as the second aspect, the lateral 
acceleration detecting unit detects lateral acceleration of 
25 the vehicle. Moreover, the braking control unit executes, when 



Namely, in the above-described braking force control 
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the lateral acceleration exceeds a lateral acceleration value 
set beforehand, braking force distribution control between 
front and rear wheels as specified, and along with this, when 
the above anti-lock braking control is operated at one of the 
5 right and left rear wheels, stops the front and rear braking 
force distribution control of the other rear wheel and executes 
stepwise pressure increase control thereof which provides a 
stepwise pressure increase up to a braking pressure to be reached 
at a start of the control. Therefore, at high lateral 

10 acceleration, the front and rear braking force distribution 
control is first carried out at the turning inside rear wheel 
with subsequently started anti-lock braking control. Also in 
the turning outside rear wheel, the front and rear braking force 
distribution control is started subsequent to the turning inside 

15 rear wheel. However, when the anti-lock braking control is 
started at the turning inside rear wheel in the course of the 
front and rear braking force distribution control, the front 
and rear braking force distribution control is stopped for the 
stepwise pressure increase control being executed. In this 

20 way, at the turning inside rear wheel, after the front and rear 
braking force distribution control, the control is transferred 
to the anti-lockbraking control . While, at the turning outside 
rear wheel, after the front and rear braking force distribution 
control, the control is transferred to the anti-lock braking 

25 control through the stepwise pressure increase control . Thus, 
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even the anti-lock braking control is operated at the turning 
outside rear wheel, no sudden strong braking is applied and 
unpleasant rolling behavior is prevented from occurrence to 
allow a natural, reliable, and stable braking to be performed. 
In addition, this can be applied by changing control of normal 
anti-lock braking control, so that the realization thereof is 
allowed without any particular addition of complicated 
mechanism. 

Furthermore, in the braking force control system of a 
vehicle according to the second aspect of the present invention, 
the front and rear braking force distribution control is started 
and executed depending on a slipping condition of the rear wheel . 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a flowchart of high lateral acceleration braking 
control according to a first embodiment of the present invention; 

FIG. 2 is a schematic explanatory diagram of the whole 
braking force control system according to the same; 

FIG. 3 is a flow chart of a braking control program 
according to the same; 

FIG. 4 is an explanatory diagram of variation in braking 
pressure with time at braking at a high lateral acceleration 
turning according to the same; 

FIG. 5 is a flowchart of high lateral acceleration braking 
control according to a second embodiment of the present 



invention; and 

FIG. 6 is an explanatory diagram of variation in braking 
pressure with time at braking at a high lateral acceleration 
turning according to the same. 

5 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Preferred embodiments of the present invention will be 
explained below on the basis of the drawings. FIGs. 1 to 4 
shows a first embodiment of the present invention. 

10 In FIG. 2, the reference numeral 1 denotes a brake driving 

unit . The brake driving unit 1 is connected to a master cylinder 
3 which is connected to a brake pedal 2 operated by a driver . 
When the driver operates the brake pedal 2, the master cylinder 
3 applies braking pressures through the above-described brake 

15 driving unit 1 to respective wheel cylinders (a left front wheel 
cylinder 5fl, a right front wheel cylinder 5fr, a left rear 
wheel cylinder 5rl, and a right rear wheel cylinder 5rr) of 
four wheels (a left front wheel 4fl, a right front wheel 4fr, 
a left rear wheel 4rl, and a right rear wheel 4rr) , by which 

20 brakes are applied to the four wheels. 

The brake driving unit 1 is a hydraulic unit provided 
withapressurizing source, apressure reducing valve, apressure 
increasing valve and an oil pump etc. The brake driving unit 
1 constitutes so as to freely introduce the braking pressure 

25 independently to each of the wheel cylinders 5fl, 5fr, 5rl, 
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and 5rr in response to input signals from a control unit 10 
described later. 

The respective wheels 4fl, 4fr, 4rl, and 4rr are structured 
so as to have their wheel speed detected by respective wheel 
speed sensors (a left front wheel speed sensor 6fl, a right 
front wheel speed sensor 6fr, a left rear wheel speed sensor 
6rl, and a right rear wheel speed sensor 6rr) . In the first 
embodiment, a vehicle speed V is to be obtained by calculating 
an average of the wheel speeds. 

To the control unit 10, there are connected the wheel 
speed sensors 6fl, 6fr, 6rl, and 6rr, a brake switch 7 for 
detecting ON and OFF of the brake pedal 2, and a lateral 
acceleration sensor 8 as a lateral acceleration detecting unit 
for detecting the lateral acceleration Gy of the vehicle. 

The control unit 10 has a micro computer and the auxiliary 
control circuits and, when the brake pedal 2 is stepped on to 
be made ON (when the brake switch 7 is made ON) , executes a 
later described braking control program in response to the 
respective input signals so as to output a control signal to 
the above brake driving unit 1 for carrying out braking control 
of the vehicle. 

The above-described braking control program, as shown 
in a flow chart in FIG. 3, first carries out at step (hereinafter 
abbreviated as "S") 101, high lateral acceleration braking 
control, and at S102, carries out other (other than at the high 
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lateral acceleration) braking control. 

The lateral acceleration braking control at S101 is 
carried out in accordance with a later described high lateral 
accelerationbraking control routine . According to the control 
5 at S101, when the lateral acceleration Gy exceeds a lateral 
acceleration value set beforehand, stepwise pressure increase 
control is executed which provides, when the ABS control is 
operated at one of the right and left rear wheels, a stepwise 
pressure increase for the other rear wheel up to a braking 

10 pressure to be reached at a start of the control. 

Moreover, the braking control at S102 is executed as, 
for example, independent braking control which independently 
controls a braking force of each of the right and left wheels 
on the front wheel side depending on the slipping condition 

15 of each wheel and controls with the rear wheel side as below 
depending on the lateral acceleration Gy and a longitudinal 
acceleration Gx (detectedby a longitudinal acceleration sensor 
11) . 

For example, a region of the lateral acceleration Gy other 
20 than a high lateral acceleration region (for example, a region 
below 6.89m/s 2 ) is divided into three regions (for example, 
regions from 6.89 to 4. 41m/s 2 , from 4.41 to 2.94m/s 2 , and below 
2.94m/s-) . In a region with the lateral acceleration Gy being 
from 6.89 to 4.41m/s-, independent braking control is carried 
25 out on the rear wheel side which independently controls braking 
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forces of the right and left wheels depending on respective 
slipping conditions thereof. Moreover, in a region with the 
lateral acceleration Gy from 4.41 to 2.94m/s 2 , when the 
longitudinal acceleration Gx is below 6. 87m/s 2 , the independent 
5 braking control is carried out on the rear wheel side. And 
when the longitudinal acceleration Gx is 6.87m/s 2 or above, 
a select low control is carried out on the rear wheel side which 
controls braking forces of the right and left wheels depending 
on a wheel on the side with a large slipping condition. 

10 Furthermore, in a region with the lateral acceleration Gy below 
2 . 94m/ s 2 , when the longitudinal acceleration Gx is below 6 . 87m/s 2 , 
the select low control is carried out on the rear wheel side 
and, when the longitudinal acceleration Gx is 6 . 87m/ s 2 or above, 
the independent braking control is to be carried out on the 

15 rear wheel side. 

As described above, in the first embodiment of the present 
invention, the control unit 10 is constituted with a function 
of a braking control unit. 

The high lateral acceleration braking control routine 

20 executed at S101, as shown in the flowchart of FIG. 1, first 
reads necessary parameters at S201, namely the lateral 
acceleration Gy from the lateral acceleration sensor 8 and an 
ABS control operation signal indicating operation or 
non-operation of the ABS control. 

25 Next to this, the execution goes to S202 where comparison 
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is carried out between the lateral acceleration Gy and a lateral 
acceleration value set beforehand to be a reference for deciding 
the high lateral acceleration (for example, 6.89m/s 2 ). With 
the lateral acceleration Gy being below 6 . 89m/s 2 , the execution 
5 just goes out of the routine and proceeds to S102. 

While, when the lateral acceleration Gy is decided to 
be 6 . 8 9m/s 2 or above as being in high lateral acceleration running 
at S202, the execution goes to S203 where decision is made as 
to whether the ABS control is operated at any one of the right 

10 and left rear wheels or not. When no ABS control is operated 
at any of the right and left rear wheels, the execution returns 
to S202. When the ABS control is operated at any one of the 
right and left rear wheels, the execution goes to S204. 

Here, the ABS control in the first embodiment is performed 

15 by known control method, which performs calculations on a speed, 
an acceleration and a deceleration of each wheel, a simulatively 
calculated vehicle body speed and the like. The simulatively 
calculated vehicle body speed is a value calculated by making 
a decision of taking the case as a sudden braking in which case 

20 a brake pedal 2 is stepped on and a deceleration of the wheel 
speed is above a specified value, by setting the wheel speed 
at the time of the decision as an initial value, and by reducing 
thereafter the wheel speed therefrom with a specified 
deceleration. By judging from a comparison of the simulatively 

25 calculated vehicle body speed and the wheel speed, a magnitude 
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of the acceleration or deceleration of the wheel and the like, 
one of three oil pressure modes of a pressure increase, apressure 
hold, and a pressure decrease is selected when the ABS isoperated. 
Specifically, when a slipping condition is exhibited as a result 
of increase in a difference between the simulatively calculated 
vehicle body speed and the wheel speed, the braking pressure 
at this time is taken as an estimated ABS operating pressure 
to carry out pressure reduction from the braking pressure . The 
reducedbrakingpressure is thenheldand increasedas specified. 
When the pressure becomes the estimated ABS operating pressure 
to fall in the slipping condition again, the pressure is reduced 
to repeat the above, for which a selected specified braking 
control signal is outputted to the brake driving unit 1. 

With the decision made at S203 as the ABS control is 
operated at any one of the right and left rear wheels, the 
execution going to S204 makes stepwise pressure increase control 
to be carried out which provides a stepwise pressure increase 
for the other wheel without ABS control operation up to a braking 
pressure to be reached (for example, an estimated ABS operating 
pressure) , by finely repeating pressure increasing and holding 
only at a start of the control. After the stepwise pressure 
increase control, the execution goes out of the routine. 

Under the above-described braking control, an example 
of variation in braking pressure with time at braking at a high 
lateral acceleration turning will be explained with reference 
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to FIG. 4. In the example, the surface condition of a road 
(for example, a road surface friction coefficient is ix) is taken 
as being the same on the right wheel side and the left wheel 
side of the vehicle. 
5 First, a vehicle just going to be braked in turning 

normally brings a turning inside wheel into a slipping condition 
easier than a turning outside wheel because the more vertical 
load of the vehicle is transferred to the turning outside wheel 
side. Thus, from a time tO in the diagram, the ABS control 

10 is operated at the turning inside wheel. 

As a result, the stepwise pressure increase control is 
executed at the turning outside wheel from the time tO, by which 
a braking pressure is increased stepwise up to an estimated 
ABS operating pressure . Then, with the time reaching to a time 

15 tl, the ABS control is executed also at the turning outside 
wheel. Therefore, no sudden impact due to a high vertical load 
is caused when the ABS control is operated at the turning outside 
wheel to prevent the occurrence of unpleasant rolling behavior 
to allowa natural, reliable, and stable braking to be performed . 

20 Moreover, this can be applied by only changing the software 
side of a conventional ABS control, so that the realization 
thereof is allowed without any particular addition of 
complicated mechanism. 

Next, a description will be given of a second embodiment 

25 of the present invention with reference to FIG. 5 and FIG. 6. 
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Incidentally, the second embodiment is a variation of the high 
lateral acceleration braking control in the first embodiment. 

Namely, the lateral acceleration braking control at S101 
in the braking control program explained in the first embodiment 
5 is carried out in accordance with a later described high lateral 
braking control routine. The braking force distribution 
control is executed between front and rear wheels as specified 
when the lateral acceleration Gy exceeds a lateral acceleration 
value set beforehand. And, along with this, when the ABS control 

10 is operated at one of the right and left rear wheels, the front 
and rear braking force distribution control of the other rear 
wheel is stopped and stepwise pressure increase control thereof 
is executed which provides a stepwise pressure increase up to 
a braking pressure to be reached at a start of the control. 

15 The high lateral acceleration braking control routine, 

as shown in the flowchart of FIG. 5, first reads necessary 
parameters at S301, namely the lateral acceleration Gy from 
the lateral acceleration sensor 8 and an ABS control operation 
signal indicating operationor non-operation of the ABS control, 

20 a signal indicating slipping conditions of the rear wheels (for 
example, differences between a vehicle speed V and respective 
rear wheel speeds), and the like. 

Next to this, the execution goes to S302 where comparison 
is carried out between the lateral acceleration Gy and a lateral 

25 acceleration value set beforehand to be a reference for deciding 
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the high lateral acceleration value (for example, 6.89m/s 2 ) . 
With the lateral acceleration Gy being below 6.89m/s 2 , the 
execution just goes out of the routine and proceeds to S102. 
On the other hand, when the lateral acceleration Gy is 
5 decided to be 6.89m/s 2 or above as being in high lateral 
acceleration running at S302, the execution goes to S303 where 
a decision is made as to whether a slip occurs at any one of 
the right and left rear wheels or not (for example, whether 
a difference between a vehicle speed V and each of the rear 
10 wheel speeds exceeds a threshold value set beforehand or not) . 
When no slip occurs at any of the right and left rear wheels, 
the execution returns to S302. When the slip occurs at any 
one of the right and left rear wheels, the execution goes to 
S304 . 

15 With the decision made at S303 as the slip occurs at any 

one of the right and left rear wheels, the execution going to 
S304 carries out front and rear braking force distribution 
control which adequately distributes braking force between the 
front and rear wheels for the rear wheel at which the slip occurs . 

20 When the lateral acceleration Gy is in a high region set 

beforehand, the above-described front and rear braking force 
distribution control, under a condition set beforehand, for 
example, is executed by selecting depending on the vehicle speed 
V either a select low control, which controls braking forces 

25 of the right and left wheels in accordance with a wheel on the 
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side witha large slipping state, or independent braking control, 
which independently controls the braking force of each of the 
wheels depending on the slipping condition thereof. When the 
lateral acceleration Gy is in an intermediate region set 
beforehand, the braking force distribution control is executed 
by selecting depending on the vehicle speed V and a longitudinal 
acceleration Gx either the select low control or the independent 
braking control- When the lateral acceleration Gy is in a low 
region set beforehand, the braking force distribution control 
is executed by selecting the select low control. 

The select low control and the independent braking control 
carry out control of pressure holding, pressure increasing and 
pressure decreasing depending on, for example, a speed 
difference between the front and rear wheels. By setting a 
threshold value for the pressure holding, a threshold value 
for the pressure decrease, and a threshold value for the pressure 
increase beforehand, the braking pressure is held when the speed 
difference between the front and the rear wheels becomes equal 
to or above the threshold value for the pressure holding, the 
pressure decrease control of the braking pressure is carried 
out when the speed difference becomes equal to or above the 
threshold value for the pressure decrease, and the pressure 
increase control of the braking pressure is carried out when 
the speed difference is below the threshold value for the 
pressure increase . 
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Thereafter, the execution goes to S305 where a decision 
is made as to whether the ABS control is operated at any one 
of the right and left rear wheels or not. When no ABS control 
is operatedat any of the right and left rear wheels, the execution 
5 returns to S302. When the ABS control is operated at any one 
of the right and left rear wheels, the execution goes to S306. 

The execution going to S306 stops the front and rear 
braking force distribution control for the other wheel without 
ABS control operation and carries out a stepwise pressure 

10 increase control. The stepwise pressure increase control 
provides a stepwise pressure increase for the other wheel without 
ABS control operation up to a braking pressure to be reached 
(for example, an estimated ABS operating pressure) , by finely 
repeating pressure increasing and holding only at a start of 

15 the control. After the stepwise pressure increase control, 
the execution goes out of the routine. 

Under the above-described braking control, an example 
of variation in a braking pressure with time at braking at a 
high lateral acceleration turning will be explained with 

20 reference to FIG. 6. In the example, the surface condition 
of a road (for example, a road surface friction) is taken as 
being the same on the right wheel side and the left wheel side 
of the vehicle. 

First, a vehicle just going to be braked in turning 

25 normally brings a turning inside wheel into a slipping condition 
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easier than a turning outside wheel because the more vertical 
load of the vehicle is transferred to the turning outside wheel 
side. Thus, from a time tlO in the diagram, the front and rear 
braking force distribution control is carried out at the turning 
5 inside wheel to provide adequate braking. Then, at the time 
til, a slip occurs on the side of the turning outside wheel, 
where the front and rear braking force distribution control 
is also carried out to provide an adequate braking operation. 

Thereafter, with the time reaching a time tl2, when the 

10 ABS control is operated at the turning inside wheel, the stepwise 
pressure increase control is executed at the turning outside 
wheel tobe executed from the time t!2, by which abrakingpressure 
is increased stepwise up to an estimated ABS operating pressure . 

Then, with the time coming at a time tl3, the ABS control 

15 is executed also at the turning outside wheel . Therefore, also 
in the second embodiment, no sudden impact due to a high vertical 
load is caused when the ABS control is operated at the turning 
outside wheel to prevent the occurrence of unpleasant rolling 
behavior and allow a natural, reliable, and stable braking to 

20 be performed. Moreover, this can be applied by only changing 
the software side of a conventional ABS control, so that the 
realization thereof is allowed without any particular addition 
of complicated mechanism. Furthermore, since the front and 
rear braking force distribution is executed before the ABS 

25 control, the tires do not lose grip forces to allow an adequate 



braking to be performed in stable. 

As explained above, according to the present invention, 
anatural, reliable, and stable braking is obtainedby preventing 
unpleasant rolling behavior from occurrence without any 
5 particular addition of complicated mechanism when turning with 
a high lateral acceleration in a vehicle which carries out 
braking control of each of the right an left wheels. 

While there has been described what are at present 
considered to be preferred embodiments of the present invention, 
10 it will be understood that various modifications may be made 
thereto, and it is intended that the appended claims cover all 
such modifications as fall within the true spirit and scope 
of the invention. 
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